
REMARKS

The present invention is a device, as illustrated in Figs. 1 and 2, for coupling

ultrasonic waves into a solid body 12 as identified in the requested Authorization to

Amend the Figs. 1 and 2. The solid body 12 nnay be biological tissue. At least one

ultrasonic transducer unit 6 couples ultrasonic waves into the solid body via a

gaseous coupling medium 9 provided between at least one ultrasonic wave

generating unit and a boundary surface 8. The ultrasonic waves generated by the at

least one ultrasonic transducer are directed into the closed volume 1 which is

provided with at least a first opening 3 and a second opening 4. A flow of gas 13

provides an overpressure inside the closed volume which is directed into an interior

of the volume through the first opening and exits the closed volume through the

second opening which directly faces the boundary surface.

The specification stands objected to regarding an informality. The

specification has been amended to correct the informality and to improve its form for

reexamination.

Claims 1-13 stand objected to and rejected under 35 U.S.C. §112, second

paragraph, as being indefinite. Newly submitted claims 14-42 have been drafted to

overcome the stated grounds of objection and rejection.

Claims 1-13 stand rejected under 35 U.S.C. §102 as being anticipated by

United States Patent 4,378,699 (Wickramasinghe). This ground of rejection is

traversed for the following reasons. - Wickramasinghe discloses a scanning acoustic

microscope which scans targets located within a housing into which a source of

compressed air is introduced. The scanning acoustic microscope is fundamentally

different than the subject matter of claim 14 and the dependent claims. Specifically,

claim 14. inter alia, recites a device for coupling ultrasonic waves into a solid body to
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be probed via a boundary surface located outside a closed body. Wickramasinghe

discloses only the scanning of the object located within a housing. Accordingly,

Wickramasinghe does not anticipate newly submitted claims 14-42. Furthermore,

there is no basis why a person of ordinary skill in the art would be motivated to

modify the teachings of Wickramasinghe to arrive at the subject matter of newly

submitted claims 14-42.

Claims 6-9 stand rejected under 35 U.S.C. §103 as being unpatentable over

Wickramasinghe in view of United States Patent 4,787,407 (Vogel). This ground of

rejection is traversed for the following reasons. Vogel pertains to a method and

apparatus for detecting a fluid level in a tank. Accordingly, Vogel does not disclose

a device for coupling ultrasonic waves into a solid body to be probed via a boundary

surface located outside a closed body.

If the proposed combination of Wickramasinghe and Vogel were made, the

subject matter of the present invention would not be achieved for the reason that

there is no teaching in either Wickramasinghe or Vogel of a device of coupling

ultrasonic waves into a solid body to be ultrasonically probed. Moreover, there is no

basis why a person of ordinary skill in the art would be led to combine the teachings

of a scanning acoustic microscope and a method and apparatus for detection of fluid

level in a tank except by impermissible hindsight.

Dorr, which has not been applied in the rejection, pertains to an ultrasonic

distance measuring device and therefore, does not disclose a device for coupling

ultrasonic waves into a solid body to be ultrasonically probed via a boundary surface

located outside a closed body.

Submitted herewith is a Request for Authorization to Amend the Drawings to

include reference numerals 12 and 13 which respectively identify the solid body
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which is probed and compressed air being introduced into the enclosure 1. The

specification has been amended consistent with the addition of reference

numerals 12 and 13. The addition of reference numeral 12 and the amendment to

the specification addresses the issue raised by the Examiner with respect to

claim 12 as to what the solid body is.

In view of the foregoing amendments and remarks, it is submitted that each of

the claims in the application is in condition for allowance. Accordingly, early

allowance thereof is respectfully requested.

Please charge any shortage in fees due in connection with the filing of this

paper, or credit any overpayment of fees, to the deposit account of Antonelli. Terry.

Stout & Kraus. LLP, Deposit Account No. 01-2135 (785.39987X00).

Respectfully submitted,

ANTONELLI, TERRY, STOUT & KRAUS. LLP

Donald
Registration No. 26,422
(703)312-6600

Attachment

DES:dlh
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Device for Coupling Ultrasonic Waves into a Medium

Technical Field

The present invention relates to a device for coupling ultrasonic waves into a medium

via a boundary surface, having at least one ultrasonic transducer unit, which couples

the ultrasonic waves into the medium via a coupling medium provided between the

ultrasonic-wave-generating unit and the boundary surface.

State of the Art

Devices of the aforementioned type are employed for non-destructive examination of

materials and, moreover, find widespread use in medicine for diagnosing inside the

human body, for example physical examinations during pregnancy.

The interaction of ultrasound and preferably solid bodies is based, similar to light in

glass, on absorption (weakening), reflection and refraction. Reflection and refraction

occur at the boundary surface between two substances of different physical

properties, e.g. at a boundary surface of a body. As these differences are often small,

in particular in the case of composite materials, high sensitivity of the receiver device

is a prerequisite by means of which the backreflected ultrasonic waves can be

detected. Frequently ultrasound emitters and ultrasound receivers are integrated in

one unit and are known as ultrasonic transducer systems. In order to be able to use

an ultrasonic transducer both as an emitter and as a receiver, ultrasonic waves are

emitted in short intervals and the reflected ultrasound is received in the pauses.

Description of the Invention

The/object of th^present inventionlis to7improve a device for coupling ultrasonic

waves into a medium via a boundary surface, having at least one ultrasonic

transducer unit which couples ultrasonic waves into the medium via a coupling
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medium provided between the ultrasonic-wave\generating unit and the boundary

surface in such a manner that the degree of rrrMplinj/in thn t i^th^ rl^;jr"^ with which

the ultrasound is coupled into the medium, is distinctly raised. Moreover, thefjpbject is

also td[achiev^close coupling between the ultrasonic wave^ generating unit and the^

tj/lggyoxam incd medium^for better detection of the ultrasonic waves reflected at the

medium.

^he solution to the object forming the basis of the present invention is set forth in

claim 1. Advantageous further improvements are described in the subject matter of

the subclaims as well as in the specification and in the preferred embodiments^

Jff air-coupled excitation of the ultrasonic waves, in which the air is utilized as the

coupling medium, according to the present invention, a ^-calt^d compressed/air

sliding shoe,

-

a devic^e which wil l bo described in the following^ is employed to

decisively improve energy balance.

Air-coupled excitation of ultrasonic waves refers to the ultrasonic transducer unit

wcivet> in intJ ciir, wiui uit^:^» uiiici5>uiiiu weaver h itting' trie . igenerating ultrasonic waves in the air, with these ultrasonic waves hitting tne

boundary surface peopectivc ly a solid body surface at a suited angle after passinqi^a

more or leas long path and excite indirect waves^so-called density waves or shear

waves or surface wave^ running along the surface of the solid bodyj^^so-called

Rayleigh waves or creeping wave^in the medium r^poot ivd ly in a solid body. In this

way, various plate-wave modes can be excited even at plate-shaped materials.

The^ventedjdevice^ccording to the generic part of claim 1 , is distinguishad by the

fact that tli^ultrasonic waves generated by the ultrasonic transducer unijjareairected

yjito a closed volume provided with at least a first openlng and a second openinqTtha^

flow of gas, which ensures that there is an overpressure inside the closed volume

and simultaneously represents the coupling medium, is directed into the interior of

the volume through the first openin^and thaj^he second opening, through which the

flow of gas coming from the volume exits, faces the boundary surface directly.



3

Preferably compressed air is introduced as the coupling medium into the interior of

the closed volume, which is enclosed in a housing. The compressed air flows out

through at least one opening on the side of the housing facing the boundary surface.

Due to the selective outflow of the compressed air at the underside of the housing of

the(so-called||compressed-air sliding shoe, the sliding shoe is actually sucked to the

boundary surface due to the so-called compressed hydrodynamic paradox, thereby

yielding very close coupling between the housing and the boundary surface. This

. for the most part, inconstant distance between the device and the

Dounaary surrace thereby improving measuring conditions considerably.

As an alternative to the hydrodynamic paradox effect, the intensity of the gas flow

can be raised further in such a manner that a kind of air cushion is formed between

the device and the boundary surface so that the entire device hovers over the

boundary surface like a kind of hovercraft.

The main advantage of the closed volume, to which compressed-air is applied, inside

the compressed-air sliding shoe^is that due to the pressure-dependent higher air

density inside the housing, the ultrasonic waves can couple more effectively into the

medium, which is preferably a solid body, via the boundary surface. Usually the

pressure inside the compressed-air sliding shoe is approximately 10 times higher

than in the surroundings. Thus, the ultrasonic waves can be coupled into the medium

10 times better.

The^urpose of the invented^devic^^ couplwg jrf ultrasonic waves preferably at

those technical surfaces which, due to cleaning conditions or similar circumstances,

cannot be directly contacted with a probe. .With the invented devices ultrasonic waves,

can be coupled ini^highly effectivel\^via the boundary surface without-fauUiiiiij-it and

withoutv^ complicatec^technolog\^garding sealing measures connected witb7

maintaining the air pressure inside the housing Foopoot ively inside the compressed-

air sliding shoe because the pressure conditionsy^set i/l automatically as a result of the

sO'Called hydrodynamic paradox.
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For further details, reference is made to the following preferred embodiments.

Brief Description of the Jnvcntion ^

The present invention is made more apparent in the following ue ing preferred

embodimentsj^wlth reference to the accompanying drawings by way of example

without the intention of limiting the scope or spirit of the inventive idea.i)epicted is in^

Fig. 1/^a cross section of an advantageous embodiment

Fig. 2|^a cross section of an advantageous alternative embodiment.

jWays of Carrying Out the Invention, Commercial Applicability7

In the simplest form of a preferred embodiment (see fig^ 1 ).^^hf^ compressed air 1

3

flows into the closed volume 1, which is enclosed by a housing 2. The housing 2 is

provided with two openings 3, 4. The compressed air flows into the interior of the

housing 2 through opening 3 through a compressed-air line 5 attached thereto. The

compressed-air escapes to the outside through the other opening 4. An ultrasonic

transducer unit 6, preferably placed on the side facing opening 4, is provided inside

the housing 2 in such a manner that the ultrasonic wave^caw-be poloaoed directed-ai r^^^<^

the opening 4. In this case, opening 4 also acts as a^ound^ex it openings 4Sroual, L^k*<,k

ad r
Preferably, delay-time-controlled stack transducersfiian bg used as ultrasonic

transducer units. Conventional transducers can also be built into the compressed-air

sliding shoe. In
.
particular for low frequency applications, the individual plates of the

stack can be excited in phase. Conventional single oscillator transducers can, of

course, also be^u iU hi. . rt^^/^jw^ucy u^^''^
^

The compressed-air flow 9 deve lop ing radially.between the underside 7 of the

housing and tbr prohf-^nrfrirr ronpff

r

,tivnly rn nnhtrj]| n rf

n

rrf EUgenerates a vacuum

between the two surfaces which draws the compressed-air sliding shoe to the-probe
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surface 8. The diminishing distance between the underside of the sliding shoe and

the probe surface 8 raises flow velocity, which foritsrpaiTleadSTo increased contact

force. Equilibrium sets in when the force of attraction generated by the radial flow

equals the force of repulsion (caused by the pressure building up inside the sliding

shoe). The width of the air gap between the underside of the sliding shoe and the

probe surface and the amount of pressure inside the sliding shoe depen</bn the

geometric design.

However, the described simplest version of the compressed sliding shoe has certain

drawbacks which are caused by gas-flow turbulences inside the housing ^therefore^

^ in particular, causift§^the occurrence of disturbing fluctuations in the shape and the

amplitude of the ultrasonic pulses inside the housing 2. In order to reduce these

disturbances, suited sound-conducting means 10 are built into the interior of the

housing 2 in order to deflect^he ultrasonic wavesfaccordingly and/or to concentrate,

for example orpthe sound-exit opening 4. The purpose of the sound-conducting

means 10 is, in particular, to separate the spatial zone -padsecJ-by the ultrasonic

wave^nd a spatial zone in which the gas flov\^introduced into the housing^an

develop freel>^. In ftgu?Q 2, a funnel insert, which concentrates the ultrasonic waves

coming from the ultrasonic transducer unit in the direction of the sound-exit opening

4, is provided as the sounding-conducting means 10.

The interaction volume between the turbulent compressed air and sound is therefore

very much limited which reduces turbulent effects accordingly. Fundamentally instead

of a funnel, all built-in elements such as baffle plates, hole filters etc. can be used

which contribute to a laminating or calming the air flow. Of course, any other gas

(e.g. CO2) can be employed instead of compressed air.

Moreover, the souncji^exit opening and other compressed-air openings can be

disposed on the housing separated from each other.

Depending on the application, the ultrasonic transducer unit 6 can be built into the

housing perpendicular to the peefee surface 8 or slanted to generate oblique

ultrasonic waves. If transmission and reception are realized with two ultrasonic
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transducers, they can be built into separate sliding shoes or into a common sliding

shoe. In the latter case, the two transducers can have separate sound-exit openings

with separate baffles for suppressing turbulences or common sound-exit openings

with a common baffle for suppressing turbulences. The geometric arrangement

(slanted position, spacing) is adapted depending on the application (testing thick

components or thin components, exciting spatial waves, surface waves or plate

wave:



List of Reference Numbers

1 closed volume

2 housing

3,4 openings

5 compressed-air line

6 ultrasonic transducer unit

7 underside

8 boundary surface, probe surface

9 compressed-air flow

10 sound-conducting means
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N w Claim 1:

coupling ultrasonic waves into a [medium] solid bod

ftwtM*S least one ultrasonic-wave transducer unit, w^

kvia a

wi^ich couples

[medium] solid body via a gaseous coupling medium

1^
;K A device fo

boundary surface

ultrasonic waves intof«rajLmeuiuiiij owu^ ^^^y - ^ ^-

provided between th|iilfeic-wave-gener^n^Lj[M^^ ^ boundary surface,

' ^cLultrasonic transducer unit boir>g
wherein ttie uttrasonic waves generated by

directed intoFSlosed volume, which is provided with at least a first opening and a

second opening, \ , Ji

a flow of gas. whieh-««s an^overpressure^e said closed volume Ee«d

slmullanuuuol, .up.u. ui.lL , .M |i li..UmMm:bel«^ directed into interior of

sM voRjffie through first opening, and fttvi y

niri fin rr if ^'»^«d vo lnme through s?^ second openinq|directly faciftQ

said'boundary surface. I . a
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What Is Claimed Is:

1 . A device for coupHng in ultrasonic waves into a medium via a boundary

surface, having at least one ultrasonic-wave transducer unit, which couples ultrasonic

waves into said medium via a couplirig medium provided between the ultrasonic-

wave-generating unit and said boLuroary surface,

wherein the ultrasonic waves^g^erated by said ultrasonic transducer unit being

directed into a closed volume/\hich is provided with at least a first opening and a

second opening,

a flow of gas, which ensures an ov^grpressure inside said closed volume and

simultaneously represent^ said coupJing medium, being directed into the interior of

said volume through saiq first opening\^and

said second opening, tnrough which a flow of gas coming from inside said volume

exits, directly facing ,said boundary surface.

1^ ^. The device according to claimX, ^
wherein closed ^ housing in which sard ultrasonic

^^
transducer is^serta^feoFintegr^ manr^lhet the ultrasonic waves^efe

directed at siiGr opening directly facing sefftt boundary surface.

1^ ^ The device according to claim 4-o r 2 ,

wherein sa^ flow of gas be<n <firir,^preferably compressed aw.tj^ /

The device according to ono of the claims t^fo 3 ,

Jwtwoliya compressed-air line bginQ connected to ©aiS first opening.

/f J
The device accorc^not^&L of thi/claim^34e-«t, ^

wherein sdtd housing bavtfig a surface,jiA4iieh^is provided with at least sekt second

openinqpfacing ^aid boundary surface.

2f 2-^

2. >^ 7
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6. The device ^cordipg to claim 5,

wherein said housin\ inn/vhich said surface facing said boundary surface being

provided with a third optening at which the ultrasonic waves are directed by

corresponding aligcrmenti^f said ultrasonic transducer unit.

The device according to ono of tho clairn^J^e-^, /C^vr^-^'^

wjoemfi sound'Conducting ^^^^^ 6%Xi^Sx^^c^lox concontrQting ultrasonic

yA/awes bemg prov ided inside seSth closed
"^^^^^^^-j^^^^^^^^^ nojo^

The device according to claim^, JUj-j>^

wherein said s^nd-conducting mrnn-^ l^^riinj 'iriirh nn hnffir plntrrfT

A \

whtCR separate a first spatial zone inside^ssHd closed volume,
'^^^^J^^^^^^^^^^^^

waves can propagate for tho nfToot port without ipk interference^ aas flo\Aj?(/aid a

second spatial zone in which &artfgas flow is directed

Th^devicg acyj
Z^'^*''^'^^

wherein^ nwie^ cound uuinJuul iny niB^no be ing prov ided which leads sara^

ultrasonic waves from:^kl ultrasonic transducer to^^^e^ingijp cuch a mannor that

The device according to o i lu uF Ihb claimsf §4^,

wherein «Sra flow of gas passing thraj^jgh &atd opening facingMeertd boundary surface

flowing betweenJ^upp^^ge^ot^^l^ ^^^^^^^^^^^F^^^^
surface and^y^^

j^feKboundary surface i^w?ng radially in relation to sard op^ng toihfe outsideCwittt

^^yJ^ ac( vacijumjjinvnloping whirh dra\Ai?r4etd housingtoward boundary surface to

"iiirh nnngrrr until n Mnri rrf gas cushion is^rcotcd j^avwg a thickness at which tb^

^ forced of attraction-bemg created by,53*0 vacuum and the immonortt forced of

repulsion present due to tj^ mass impulse of the flow of gas betweeru^w housing

and-S^ boundary surface are in equilibrium.
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J/i. The device according to one of the claims 4- to tO, ^1 /^^^^/^'^

wUggehiTWO u l l i dbon io l i a i icducoro, preferab ly a transmitter transducer and a

receiver transducer̂ eh iy piuviUed .

12. The aieyfce according to one_of the claims 1 to 1 1

,

wherein s€Jid medium into which the ultrasonic waves couple in being a solid body.

l/\^^1^! The device acceding to of the claim^^i^44e^,^'^^
^

wherein s^RwdttHTumo which the ultrasonic wavesj^uple in being biological

tissue.
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Abstract

^pGoloocd ioradevice for coupling/*^ ultrasonic waves into a nnedium via a boundary

surface, ^SSflg at least one ultrasonic-wave transducer unit, which couples ultrasonic

waves into the medium via a coupling medium provided between the ultrasonic-

wave-generating unit and the boundary surface/)

Tho invention i? dintinjni^hpfi hyTh^ ultrasonic waves generated by the ultrasonic

transducer unitJ^^Sftg directed into a^losed volume, which is provided with at least a

first opening and a second openingj^^d flow of gas, whtch ensures an overpressure

mside the closed volume and^imultaneously r^'r^ocntc the coupling medium^, bemg
Jj^

1^ qirlcted into the interior of said volume through the first opening, and
dfc^'^f^

* openmg, through whi^h n fl^'" r^f n in.»-, inj frr^m inriHn oniH unii»nf:> exited irectly^' ^

facfftg the boundary surface. ^


